Supplem electrod ementary mentary F des recorded figures Supplementary Figure 5. CVs of 1, 2 and 3 modified Au(111) electrodes in 0.1 M aqueous HClO 4 , scan rate: 0.05 V s -1 .
Results are shown in Supplementary Fig. 1 . It is beyond the scope of this paper to describe in detail each characteristics of above CVs. Please refer to the relevant literature work for more details. 1,2 Briefly, all the sharp features of current peaks in (a-e) indicate the good quality of single crystal surfaces with wide terrace. As a typical example, the terrace size of Au(111) is evidenced by the scanning tunneling microscopy (STM), as shown in (a) inset, which reveals the surface with terrace width up to ~ 200 nm.
Supplementary Note 2 -CV in HClO 4 We also carried out cyclic voltammetric measurements of 1-3 modified Au(111) surfaces in aqueous solution of 0.1 M HClO 4 ( Supplementary Fig. 5 ). Compared to the feature of CVs obtained in HMImPF 6 ionic liquids, these CVs show broader current peaks and the peak potential shifts positively with the molecular length from 1 to 3.
Supplementary Note 3 -Control experiments on HOPG surface measured by CV
As illustrated in Supplementary Fig. 8 , it is clear that only the redox signal of Fc/Fc + could only be observed on HOPG sample treated by the procedure of in situ cleavage of TMS group. These CV data evidence directly that molecules could not be bounded to the HOPG surface merely by adsorption. Supplementary Fig. 9 displays normal Raman spectra of a solid compound of the three molecules 1, 2 and 3 as indicated in Supplementary Fig. 2, 3 . Characteristic bands are indicated and their assignments are given in (b). The assignment is mainly based on the relevant literature work. 4, 5 In particular, we focused on the C≡C triple bond region (2100-2250 cm -1 ), which is a key information for the discussion on the nature of chemical bonding of the molecules on surfaces.
Supplementary Note 4 -Normal Raman experiments
Supplementary Note 5 -Assembling SHINERS NPs on single crystal surfaces Two microliters of Au@SiO 2 solution were then cast onto a freshly prepared molecule-modified M(111) single crystal electrode and subsequently dried in a gentle Ar stream. As shown in Supplementary Fig. 10 , the formation of the Au-C covalent bond was confirmed by two main features: (1) the occurrence of a stretching mode of the covalent Au-C bond at ~ 400 cm -1 for all 1-3 on Au(111) (a1), which is absent in the normal Raman spectrum on 1-3 solid compounds, respectively; (2) the occurrence of vibration band at ~ 2000 cm -1 attached on Au surface, which is absent in the normal Raman spectra of 1-3 in the solid state, respectively (a2). This new band was assigned by the stretching mode of C≡C attached to the Au surface. However, these two features are missing for 3 on Pt and Pd(111) surface (b), similar to 2 on Pt(111) and Pd(111) (Fig. 2 in main text) .
Supplementary Note 6 -Long-term stability testing of SAM on Pt(111) We carried out a long-term electrochemical stability testing on Pt(111) surface modified by a monolayer of 2. The results are shown in Supplementary Fig. 13 . Molecules 2 grafted on a Pt(111) surface show remarkably high stability compared to that of 2 grafted on a Au(111) surface. The CV remains almost unchanged after 3000 potential cycles between Fc and Fc + ( Supplementary Fig. 13a ), and only less than 7% of 2 desorbed from Pt(111) surface after 3000 cycles ( Supplementary Fig. 13b ). The better stability of 2 on Pt(111) than on Au(111) is due to the stronger metallic bonding of Pt-Pt (357.3 ± 15.1 kJ mol -1 , bond energy in the gaseous diatomic species) than Au-Au (224.7 ± 1.5 1 kJ mol -1 , bond energy in the gaseous diatomic species) 3 , leading to lower mobility of Pt atoms compared to Au atoms.
Supplementary Methods

Synthesis
All reagents were purchased from commercial sources and used without further purification. Compounds 1 6 , 2 6 , 2a 6 , 1-(trimethylsilyl)ethynyl-4-(heptadecafluorooctyl)benzene (4) 7 , 5bromo-1,2,3-tris[2-[2-(2-methoxyethoxy)ethoxy]ethoxy]benzene 8 , 6 9 and 7 10 were synthesized as previously published. 1 H and 13 C NMR spectra were recorded on a Bruker Avance 300 spectrometer operating at 300 MHz and 75.5 MHz, respectively. Chemical shifts are reported in parts per million (ppm) and are referenced to the residual solvent peak (chloroform, 1 H = 7.26 ppm, 13 C = 77.0 ppm). Coupling constants (J) are given in hertz (Hz). Peak multiplicities are described in the following way: s, singlet; m, multiplet. HRMS data was obtained with ESI (electrospray ionization) positive mode.
Synthesis of compound 3:
Compound 2a (49 mg, 0.12 mmol) and (4iodophenylethynyl)trimethylsilane (45.3 mg, 0.45 mmol) were dissolved in a mixture of THF and di(isopropyl)amine (1:5, 15 mL) in a glass vial, purged and bubbled with nitrogen for 15 min. Pd(PPh 3 ) 2 Cl 2 (17.5 mg, 0.025 mmol) and CuI (6.1 mg, 0.032 mmol) were added to the reaction mixture and the vial was sealed under nitrogen. The reaction mixture was stirred at 50 °C for 24 h and then quenched with water. Upon extraction with CH 2 Cl 2 (100 mL) for three times, the combined organic phase was dried over Na 2 SO 4 and filtered. After removing all solvents by rotavapor, the residue was purified by column chromatography on silica gel with gradient elution of dichloromethane and hexane (0-15%) to afford pure compound 3 as an orange solid. Yield 64% (46.6 mg), 1 
Raman experiments
Raman spectra were recorded with a LabRam HR800 confocal microprobe Raman system (HORIBA, Jobon Yvon). The excitation wavelength was 632.8 nm from a He-Ne laser. The power on samples was typically around 1 mW. A 50× magnification long-working-distance objective (8 mm) was used to focus the laser onto samples and to collect the scattered light in a backscattering geometry. The Raman spectra were recorded in ambient conditions.
SHINERS experiments Preparation of gold nanoparticles (NPs)
We use the citrate reduction method for preparing gold nanoparticles (NPs) with typical diameter of ~55 nm. 11 Briefly, 200 mL of aqueous HAuCl 4 (0.01 w%, 0.294 mM) were placed in a roundbottom flask and heated until boiling. 1.4 mL of aqueous sodium citrate (1 w%, 38.8 mM) was added quickly to the boiling solution. The solution was refluxed for 40 min and then cooled to room temperature.
Preparation of Au@SiO 2 (SHINERS) NPs
The coating of SiO 2 shell was carried out according to a previously described procedure. 12 Briefly, Au@SiO 2 SHINERS NPs were prepared by placing 30 mL of the gold NPs solution into a round-bottom flask, adding 0.4 mL of 1 mM (3-aminopropyl)trimethoxysilane, and stirring for 15 min at room temperature. Next, 90 mM sodium silicate aqueous solution was adjusted to pH
